Abstract: Social trust has often been claimed to be an important determinant of perceived risk, a finding that, if true, has important consequences for risk communication. However, the empirical basis of the alleged relationship between social trust and risk perception is weak. Previous work has pointed to other facets of trust as being more important: trust in science and technology per se (epistemic trust) as well as belief in the existence of opposed interests and goals (antagonism). In the present paper, these notions are further developed and empirically tested on data on trust (social and epistemic), risk perception, attitudes, voting intentions, trust and antagonism in siting a local high-level nuclear waste repository. Data were obtained in the spring of 2005 from two Swedish municipalities where site investigations were being carried out in preparation for building a repository for spent nuclear fuel. It was found that social trust had less weight in perceived risk than epistemic trust and perceived antagonism. Similar results were obtained when the dependent variables were attitude to the repository, and intention to vote pro or con a local repository in a future local referendum on the issue. Implications of the findings for risk communication are discussed.
Introduction
Social trust, i.e. trust in people or organisations, has been assumed to be an important factor in technology risk tolerance. The published data with some bearing on this issue have documented negative correlations between perceived risk and social trust. These correlations have varied widely, from weak to strong. References to earlier work, mostly showing rather weak relationships between perceived risk and social trust, can be found in two previous papers (Sjöberg, 1999b (Sjöberg, , 2001 . Current research on trust and risk perception continues to be dominated by social trust, see e.g. Cerully, Klein and McCaul (2006) , despite the lack of convincing empirical evidence for importance of the construct, see also Bakir (2006) and Poortinga and Pidgeon (2006) . According to Bakir (2006) "trust shapes public risk perception" (p.4). Is there a solid empirical basis for such assertions? Siegrist and Cvetkovich (2000) found correlations between 0.56 and 0.10 between perceived risk and trust ('confidence') in authorities. The highest negative correlations were found for activities where respondents rated that they had little knowledge. Correlations were significant for 16 of 25 activities. The average correlation was 0.27. Siegrist et al. (2005) studied perceived risk for mobile phone technologies, and found correlations between 0.31 and 0.13. None of these results suggests that social trust is a strong determinant of perceived risk.
Using complex Structural Equations Modelling (SEM) modelling Frewer, Scholderer and Bredahl (2003) concluded that trust was not a cause of perceived risk. Poortinga and Pidgeon (2005) studied the perceived risk of Genetically Modified (GM) food and found, in three separate and large samples, correlations about 0.55 between perceived risk and trust. These high correlations were strongly reduced, however, when they controlled for 'acceptability' of GM food, a concept similar to attitude, using an approach described by Eiser, Miles and Frewer (2002) . They concluded that trust is not a cause of perceived risk but that both dimensions reflect a common belief basis.
It is reasonable to expect some relationship between perceived risk and social trust. Yet, clearly social trust does not tell the whole story, other factors must enter the picture, since the relationship, even when it is strong, is by no means so strong as to fully explain perceived risk. Sjöberg (2001) suggested that one such complementary factor might be epistemic trust, or trust in science behind the technology under discussion. The cited study, and later work (Sjöberg, 2004a, in press) , supported the notion that epistemic risk also enters the picture, and it was found that it was even more strongly related to perceived risk than social trust. We investigate further the explanatory values of the two types of trust.
The distinction between epistemic and social trust may be related to the central and peripheral routes to attitude formation, see the elaboration likelihood model of Petty and Cacioppo (1986) . In a high concern situation, epistemic considerations should be more important than with low concern. We test this hypothesis.
Social trust has a 'dark side', where the other party is seen not only as lacking trustworthiness, but also as being downright hostile in his or her intentions. Hostile actors are nothing new, of course, but terrorism has made the topic more important (Sjöberg, 2005c) . This is a very dramatic example, but beliefs that some actors are aiming at inflicting harm are not rare. One example is provided by advertising agencies (Viklund and Sjöberg, in press ). Some people believe that they aim at marketing products no matter what the consumers need, and at any price that people may be willing to pay, no matter what would be fair. The question of trust is then less interesting than perceived antagonistic motives. Sjöberg (in press) found support for the notion that perceived antagonism was an important factor in risk perception, over and beyond both social and epistemic trust. We investigate further the power of perceived antagonism as an explanatory variable.
Risk perception has become a topic of much interest. The reason is probably that it is assumed that perceived risk has a number of important consequences, such as demand for risk mitigation or other policy attitudes. However, this assumption is not supported by empirical data (Sjöberg, 1999a (Sjöberg, , 2000a (Sjöberg, , 2002 . To get a more complete picture of important beliefs with regard to the siting issue, we also collected data on attitudes to a local repository, and voting intentions in a future referendum. Voting intentions correlate strongly with attitudes, but they still carry added information of importance for understanding the political process (Sjöberg, 2005b) . We therefore investigate relationships between both kinds of trust, attitudes and voting intentions.
The application investigated in the present paper is that of siting a repository for spent nuclear fuel, a controversial issue in many countries. The present study is about a unique situation where two municipalities in Sweden had agreed to site investigations of the feasibility of such a facility (Sjöberg, 2004b) . The process leading up to these investigations (which had been approved by the local Councils in 2001) is described by Sjöberg (2004b) . We believe that this unique situation constitutes a set of potentially fruitful conditions for examining the determinants of perceived risk and related attitudes, in relation to trust and antagonism. Summing up, the purpose of the present paper is to investigate the relations between perceived risk and related policy attitudes on the one hand, and trust and antagonism on the other.
Method

Respondents
Random samples of 2,000 people living in Östhammar and Oskarshamn were approached with a mailed questionnaire.
1 After two reminders, 888 respondents had returned filled out questionnaires. The response rate was 50%, considering that some persons had moved without giving a forwarding address to the post office, and that some were unable to answer because of illness or old age.
There was a moderately large gender bias among the respondents; 61.3% were men. The age distribution is given in Table 1 . The population age distribution (for persons 18 years old or older) is given in the same table. It is seen that the two distributions are very similar, implying that there was no age bias among the respondents. Eighteen percent had a college or graduate school degree, 26.9% had only nine-year compulsory school or even shorter education in case of some of the older respondents. The educational level of the respondents was comparable to that of the population at large. 
Questionnaire
The following data were used for the analyses presented here. Demographic variables:
gender age level of education.
Dependent variables:
Perceived nuclear waste risk, personal and general, combined to form an index of perceived risk. Risks were rated on eight-step scales from 'non-existent risk' to 'large risk', Cronbach's = 0.93.
Attitude to a local nuclear waste repository, a seven-step Likert scale from 'very strongly positive' to 'very strongly negative' plus 12 questions about the utility of a local repository, Cronbach's = 0.94.
Intention to vote in a future local referendum about siting a repository, five steps from 'surely pro' to 'surely con'. No alpha value is given since this variable was based on responses to a single question.
Explanatory variables:
Social trust, rated in five steps from 'very large' to 'very small', with regard to the Swedish Nuclear Fuel and Waste Management Co. (SKB), the nuclear power inspectorate, the radiation protection institute and the respondent's municipality. The ratings were made of trust in how well these organisations handled questions regarding the management of spent nuclear fuel. The four ratings were combined to an index of social trust, Cronbach's = 0.93.
Epistemic trust, measured by three questions, in abbreviated form: 'How well does science know about risks of spent nuclear fuel?', 'Do you consider the technical and scientific questions about spent nuclear fuel to be solved?', and 'Is current scientific knowledge sufficient to for building a repository for spent nuclear fuel?'. Cronbach's = 0.84.
Antagonism, measured by ratings of six organisations: the radiation protection institute, the Swedish Nuclear Fuel and Waste Management Co. (SKB), the nuclear power inspectorate, the Government, Parliament and the nuclear industry. They were rated with regard to whether they acted in accordance with the respondent's interests or against them, on a seven-step Likert scale. The six ratings of antagonism were combined to form an index, Cronbach's = 0.93.
Variables included for validation purposes:
Ratings of how often each of 17 activities of relevance for the siting issue had been carried out. They were pooled to form an activity index, Cronbach's = 0.75.
Severity and likelihood of an accident in handling spent nuclear fuel, three questions combined to an index, Cronbach's = 0.70.
Concern with the siting issue, one question only.
Suspicion that important risk information was being concealed, one question only.
Political preference: one question where the respondents were asked to choose one of the political parties represented in Parliament (although there are some local political parties, they played no significant role in the two municipalities under study here).
Results
Results will be presented in three sections. First, we present evidence for the validity of the dependent and independent variables. Secondly, we investigate models of the dependent variables with hierarchical regression analysis. Thirdly, epistemic trust is investigated in relation to the elaboration likelihood model of Petty and Cacioppo (1986) .
Validity checks
There is extensive research on attitudes (Alabarracín, Johnson and Zanna, 2005; Sjöberg, 2005d, October 19) . A simple global attitude question like the one used here is a common way of assessing attitude and probably as good as, or better than, traditional attitude scales. People's global and fast evaluative response to an object or a concept is usually very informative (Zajonc, 1980) . One important aspect on attitude is its relationship to behaviour (Sjöberg, 1982; Ajzen and Fishbein, 2005) . In a previous study, it was found that people with extreme attitudes ('stakeholders') were especially likely to act on issues concerning the attitude object (Sjöberg, 2003a) . Similar data on activities was available in the present study. Standardised values of the activity index have been plotted against attitude in Figure 1 . The expected curvilinear trend is clearly present. The variation in activity among the attitude groups was large, 2 F(2,866) = 28.15, p < 0.0005.
Figure 1
Average activity level (standardised scale) with regard to a local repository plotted against attitude to a repository
In many studies, intention to vote has been found to be a good predictor of voting (Pieters and Verplanken, 1995; Visser et al., 1996) , even with a long-time interval before the election takes place (Randall and Wolff, 1994) . Since the siting issue is highly politicised, answers to the question about voting on it should be related to general preferences for the political parties. In Table 2 , we give the vote distribution for supporters of the different parties, 2 (24) = 135.58, p < 0.0005. The voting intentions follow rather closely the party preferences, although by no means perfectly. Those stating they would vote pro a local repository were found mainly among supporters of the Liberals, the Conservatives and the Social Democrats. The experience from several municipalities in the 1990s was that these three parties supported local siting proposals while such proposals were strongly opposed by the Centre Party, the Left party and the Environmentalists (Sjöberg, Viklund and Truedsson, 1999) . There is extensive previous research on risk perception which shows consistent and meaningful relationships between perceived risk as measured in the present paper and many other variables (Slovic, 2000; Sjöberg, 2000b Sjöberg, , 2003c . One of the best-established results in risk perception research is the gender difference: women tend to judge risks as larger than men do. In the present data, there was a highly significant and large difference in the same direction: a standardised difference of 0.50, p < 0.0005. It is also well known that people tend to rate personal risks as smaller than risks to others (Sjöberg, 2003b) . In the present data, the same tendency was found. The difference amounted to 0.13 in raw scale units, p < 0.0005. Perceived antagonism has been less investigated than most of the other variables used here. It is probably in part a reflection of political ideology. This hypothesis can be checked on data measuring political preference. Standardised means of perceived antagonism were computed and the dimension was subjected to a one-way ANOVA. The differences in perceived antagonism among the respondents preferring the different parties were highly significant [F(653) = 12.20, p < 0.0005] and very large, see Figure 2 .
Figure 2
Average perceived antagonism (standardised scale) and political party preference Social trust was validated by relating it to answers to the following question, which was intended to measure suspiciousness and lack of social trust: "Do you think that authorities or SKB conceal important information about possible risks of spent nuclear fuel?" Mean social trust was computed for each of the six response categories of this question; they are plotted in Figure 3 together with the response frequencies. The variation was very large. Social trust was clearly related to suspiciousness, F(5,813) = 97.81, p < 0.0005. It can also be noted that most people trusted the authorities. The questions about the likelihood and severity of an accident were related to epistemic trust, r = 0.58, p < 0.0005. Hence, people with different levels of epistemic trust also tended to have sharply different views regarding accidents with spent nuclear fuel. Those who showed little trust in the scientific basis of risk assessments regarding the management of spent nuclear fuel were also more concerned about the possibility and severity of accidents. Hence, the validities of the dependent and independent variables were supported by the present data and previously well-known variables in previous research. All multi-item variables also had satisfactory reliabilities, as measured by Cronbach's .
Trust related to attitudes, perceived risk and intention to vote
Correlations among the six measures (social and epistemic trust, antagonism, risk, attitude, and voting intention) are given in Table 3 . The table shows that the correlations were high throughout, and that the epistemic trust and antagonism were more strongly related to the three dependent variables than was social trust. All correlations in Table 3 are significant at the p = 0.0001 level. The next question to be answered was whether epistemic trust and antagonism added any explanatory power beyond that of social trust, with regard to risk perception, attitude, and voting intention. A series of hierarchical regression analyses was performed, where demographics were entered first, then social trust, then epistemic trust, and finally antagonism. The amount of explained variance of each of the three dependent variables is given in Tables 4a, 5a and 6a. The tables show that large increases in explained variance were achieved by entering epistemic trust and antagonism in the models. It is interesting to note that a quite high level of explained variance was achieved in all three cases, with the full models. It should also be noted that social trust alone accounted for a sizable share of the variance of the dependent variables. However, a different picture emerged when regression weights and part correlations 3 were studied; see Tables 4b, 5b and 6b. The small improvement achieved by adding social trust to the models is striking, in particular, in light of the common belief that social trust is of superior importance for understanding risk perception and related attitudes. Simple regression analyses of perceived risk against either social or epistemic risk showed that the expected change in risk was 22% larger based on epistemic as compared to social risk.
As shown in Table 2 , there were some sizable correlations among the predictor variables, social and epistemic trust, as well as antagonism, r just slightly <0.7. Collinearity analysis gave tolerance values about 0.45 for these three variables for all three dependent variables, not enough to be a cause for concern, see Cohen et al. (2003) .
Elaboration likelihood model analysis of epistemic trust
Finally, the relation between epistemic trust and attitude can be construed along the lines of the elaboration likelihood model (Petty and Cacioppo, 1986) . When people are concerned about an issue and motivated to get and process information, they follow a central route, according to the model. They would then be less likely to trust experts and organisations and would consider the substance of their arguments. Hence, people who are strongly concerned about an issue should be particularly responsive to epistemic trust. The correlation between epistemic trust and attitude should be especially high in that group. The opposite should be true for people with a low level of concern. To test this hypothesis, the correlation between attitude to a local repository and epistemic trust was computed for respondents classified according to their responses to the question about concern. See Figure 4 for the results. The difference in correlation attitude-epistemic trust between the high concern participants (0.72) and all others (0.60) was significant, p = 0.02.
Figure 4
Average perceived accident probability and severity (standardised scale) plotted against epistemic trust
Discussion
Social trust was less important in the present data than epistemic trust and antagonism. When added to demographics, epistemic trust and antagonism it accounted for a mere 5/1000 additional explained variance of perceived risk, slightly more for attitude and voting intention. Comparing the change to be expected in perceived risk from changing either social or epistemic trust, the effect of changing epistemic trust was 22% larger. The common belief in the paramount importance of social trust is hard to justify in the light of such results. The reasons why the belief in social trust is so firmly established are probably its common-sense nature, statistical analyses stressing significance rather than size of correlations, and most important, a lack of comparisons with competing explanatory constructs. Those who write about trust also seem often to be content with theoretical analysis. They sometimes do not pay much attention to the empirical support of the theories, a tendency common enough in social and behavioural risk research; see Sjöberg (2005a) for a discussion of an example.
Both epistemic risk and antagonism call for different approaches to communication than the case where only social trust is at stake. Epistemic concerns are about the validity of the scientific basis for risk regulation. Meeting such concerns requires a demonstration of the validity of scientific theories and research -a very challenging task in risk communication. The concerns could take many forms, including 'New Age' beliefs about the nature of the world and how knowledge can be gained (Sjöberg and af Wåhlberg, 2002) . Such beliefs are alien to modern science and especially common among people with a low level of education.
Communication presumes mutual understanding (Sjöberg et al., 2000) . If it is assumed that the public just needs to be more trusting in the people and organisations responsible for risk management, the result of risk communication may be less than desired. The present data underscore the very real possibility that people question science itself, and that they construe of mutually antagonistic relationships, a situation where the goals are not in common but opposite to each other.
Social trust does correlate with perceived risk and related attitudes, sometimes strongly and sometimes weakly. We have shown, here, that the findings on social trust may be a by-product of the effects of other and more potent factors. The modest success of risk communication (Fischhoff, 1995; McComas, 2006) may be due, among other things, to too much trust in social trust.
